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AB S T  R ACT 

The h i g h  d e n s i t y  s t r u c t u r e  o f  t h e  Venusian a tmosphe re  
as p r e s e n t l y  conce ived  a lmos t  c e r t a i n l y  g u a r a n t e e s  s u c c e s s f u l  
e n t r y  i n  terms of  ene rgy  d i s s i p a t i o n .  The h i g h  e n t r y  v e l o c i t i e s  
r a n g i n g  from 4 0 , 0 0 0  f p s  to o v e r  5 0 , 0 0 0  f p s  a s s o c i a t e d  w i t h  
s e v e r a l  manned f l y b y  t r a j e c t o r i e s ,  however ,  d i c t a t e  t h e  u s e  o f  
s h a l l o w  e n t r y  c o r r i d o r s  r e s u l t i n g  i n  r e s t r i c t i v e  o p e r a t i o n a l  
c a p a b i l i t y .  S m a l l ,  low b a l l i s t i c  p a r a m e t e r  a t m o s p h e r i c  p r o b e s  
w i l l  n o t  b e  as r e s t r i c t e d  a s  l a r g e r  pay load  p r o b e s .  

Fo l lowing  e n t r y  and d e c e l e r a t i o n ,  low ra tes  o f  s i n k  
a re  a c h i e v e d  a t  h i g h  a l t i t u d e s  r e s u l t i n g  i n  l a r g e  d i s p e r s i o n s  
i n  t i m e  t o  f a l l  due  t o  u n c e r t a i n t i e s  i n  t h e  a t m o s p h e r i c  d e n s i t y .  
The low r a t e s  o f  s i n k ,  t hough ,  p e r m i t  h i g h  a l t i t u d e  deployment  
o f  p a y l o a d s .  

I n  s p i t e  o f  t h e  h igh  t e m p e r a t u r e s  i n  lower  a t m o s p h e r e ,  
i t  i s  q u i t e  f e a s i b l e  t o  " t a r g e t "  for a t e m p e r a t e  r e g i o n  which 
o c c u p i e s  an a l t i t u d e  band between 1 2 5 , 0 0 0  f t .  and 2 1 5 , 0 0 0  f t .  

Fo l lowing  e n t r y ,  a t y p i c a l  e n t r y  p r o b e  w i l l  h,e i n  line 
o f  s i g h t  t o  t h e  manned f l y b y  s p a c e c r a f t  for a 1 . 5  to 2 h o u r  
p e r i o d  d u r i n g  s p a c e c r a f t  p e r i a p s i s  p a s s a g e .  Longer communicat ions 
p e r i o d s  w i l l  r e q u i r e  an o r b i t e r  d a t a  l i n k .  
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DATE: J u l y  2 4 ,  1967 
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TM- 6 7 -10 13-6 

TECHNICAL MEMORANDUM 

I N T R O D U C T I O N  

F o r  manned p l a n e t a r y  f l y b y  m i s s i o n s  d u r i n g  t h e  v a r i o u s  
Mars and Venus o p p o r t u n i t i e s  i n  t h e  l a t e  1 9 7 0 ' s ,  c o n s i d e r a b l e  
a t t e n t i o n  w i l l  be g i v e n  t o  expe r imen t s  per formed d u r i n g  t h e  

. p l a n e t a r y  e n c o u n t e r  p e r i o d s .  A number o f  these  e x p e r i m e n t s  w i l l  
be  pe r fo rmed  c l o s e  t o  o r  on t h e  p l a n e t  s u r f a c e ,  r e q u i r i n g  
p e n e t r a t i o n  i n t o  t h e  p l a n e t a r y  a t m o s p h e r e s .  The c o n s t r a i n t s  
imposed by a t m o s p h e r i c  e n t r y  on t h e  o v e r a l l  m i s s i o n  i n  terms of  
e n t r y  p r o b e  w e i g h t s  and s i z e s  and o p e r a t i o n a l  r e q u i r e m e n t s  are  
t h e n  o f  c o n s i d e r a b l e  i n t e r e s t  t o  m i s s i o n  p l a n n i n g .  The pu rpose  
o f  t h i s  memo i s  t o  address t h e s e  q u e s t i o n s  a s s o c i a t e d  w i t h  t h e  
Venus e n c o u n t e r s  and t o  deve lop  a b a s i c  s t r a t e g y  f o r  d e f i n i n g  
complements o f  e n t r y  p r o b e s .  

ENTRY CONDITIONS 

The t y p i c a l  m i s s i o n s  c o n s i d e r e d  i n  t h i s  a n a l y s i s  a re  
t h e  1 9 7 5  s i n g l e - p l a n e t ,  1 9 7 7  t r i p l e - p l a n e t ,  and t h e  1 9 7 6  and 
1978  d u a l - p l a n e t  f l y b y s .  The e n t r y  v e l o c i t i e s  a s s o c i a t e d  w i t h  
t h e s e  o p p o r t u n i t i e s  a re  p r e s e n t e d  i n  F i g u r e  1 (where e n t r y  i s  
d e f i n e d  a t  7 x l o 6  f ee t  a l t i t u d e ) .  The Venus e n t r y  v e l o c i t i e s  
d u r i n g  these  p e r i o d s  r a n g e  from 4 0 , 0 0 0  f p s  t o  o v e r  5 0 , 0 0 0  f p s ,  
w h i l e  t h e  Mars e n t r y  v e l o c i t i e s  a re  on t h e  o r d e r  o f  2 2 , 0 0 0  f p s  
t o  2 6 , 0 0 0  f p s .  I n  t h e  c a s e  of Mars e n t r y ,  t h e  t enuous  a tmosphere  
p r e s e n t s  problems i n  p r o v i d i n g  f o r  s u f f i c i e n t  d i s s i p a t i o n  of  an 
e n t r y  v e h i c l e ' s  i n i t i a l  energy by r e q u i r i n g  low b a l l i s t i c  
p a r a m e t e r  ( M / C  A )  v e h i c l e s  and  s h a l l o w  e n t r y  a n g l e s .  The h i g h  
d e n s i t y  Venusian a tmosphe re ,  on t h e  o t h e r  hand ,  i s  q u i t e  a d e q u a t e  
f o r  p r o v i d i n g  ene rgy  d i s s i p a t i o n ,  b u t  t h e  h i g h  e n t r y  v e l o c i t i e s  
i n t r o d u c e  problems i n  managing t h e  e n t r y  h e a t i n g  env i ronmen t .  

D 

F i g u r e s  2 and 3 p r e s e n t  t h e  a t m o s p h e r i c  p r e s s u r e s  and 
d e n s i t i e s  f o r  t h e  u p p e r ,  mean, and lower  model a tmospheres  ob- 
t a i n e d  from Refe rence  1. The c o r r e s p o n d i n g  p r e s s u r e s  and 
d e n s i t i e s  f o r  t h e  ARDC 1959 e a r t h  a tmosphere  a r e  dashed on t h e  
two f i g u r e s  f o r  compar ison .  The Venus ian  model a tmosphe res  a r e  
s e e n  t o  be  c o n s i d e r a b l y  d e n s e r  t h a n  e a r t h  t h r o u g h o u t  t h e  a l t i t u d e s  
i n f l u e n c i n g  e n t r y ,  The e f f e c t s  of t h i s ,  as w i l l  b e  i l l u s t r a t e d  
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l a t e r  i n  F i g u r e s  13  and 1 4 ,  a r e  t h a t  a n  e n t r y  v e h i c l e  w i l l  
d e c e l e r a t e  h i g h  i n  t h e  Venusian a tmosphe re  where e x p e r i m e n t  
deployment  can  b e  c o n s i d e r e d  a t  r e l a t i v e l y  low s i n k  r a t e s  f o r  
r e l a t i v e l y  heavy p a y l o a d  packages .  

ENTRY ENVIRONMENT 

Al though t h e  h i g h  d e n s i t y  a tmosphe re  makes e n t r y  
"eas ie r"  i n  some r e s p e c t s ,  t h e  h igh  e n t r y  v e l o c i t i e s  do p r e s e n t  
p a r t i c u l a r  d e s i g n  problems.  The e n s u i n g  e n t r y  envi ronment  becomes 
of c o n s i d e r a b l e  c o n c e r n  and cou ld  impose s e v e r e  s t r u c t u r a l  and 
h e a t i n g  p e n a l t i e s  on t h e  e n t r y  v e h i c l e  s h e l l  s t r u c t u r e  and pay- 
l o a d .  The e n t r y  env i ronmen t ,  however,  i s  a s t r o n g  f u n c t i o n  o f  
t h e  v e h i c l e  c h a r a c t e r i s t i c s  and i n i t i a l  e n t r y  a n g l e .  F o r  a 
l i g h t  we igh t  low b a l l i s t i c  p a r a m e t e r  v e h i c l e ,  d e c e l e r a t i o n  
would o c c u r  a t  low d e n s i t i e s  i n  t h e  uppe r  a tmosphere  where t h e  
r a d i a t i o n  heat t r a n s f e r  c o e f f i c i e n t  i s  l o w e s t .  R a d i a t i o n  heat  
t r a n s f e r  f rom t h e  shock  l a y e r  i s  o f  p a r t i c u l a r  i n t e r e s t  f o r  t h e  
h i g h  v e l o c i t y  Venus e n t r i e s  s i n c e  i t  i s  a s t r o n g  v e l o c i t y  as 
w e l l  as d e n s i t y  dependent  mechanism from which c u r r e n t  a b l a t i o n  
mater ia l s  o f f e r  p o o r  p r o t e c t i o n .  

The i n i t i a l  e n t r y  a n g l e  i s  a l s o  i m p o r t a n t  s i n c e  s h a l l o w  
e n t r y  p r o v i d e s  for more g r a d u a l  s low down i n  t h e  u p p e r  a tmosphe re  
r e s u l t i n g  i n  lower  d e c e l e r a t i o n  and  r educed  r a d i a t i o n  h e a t i n g .  
The l o n g e r  h e a t i n g  times a s s o c i a t e d  w i t h  s h a l l o w  a n g l e s ,  however,  
i n c r e a s e  t h e  c o n v e c t i v e  h e a t  l o a d .  F o r  a g i v e n  v e h i c l e ,  a minimum 
hea t  l o a d  e n t r y  a n g l e  e x i s t s  by t r a d i n g  o f f  t h e  r a d i a t i o n  and 
c o n v e c t i v e  heat l o a d s .  G e n e r a l l y ,  d u e  t o  t h e  sensitivity o f  
r a d i a t i v e  h e a t i n g  t o  e n t r y  a n g l e ,  t h i s  minimum h e a t i n g  e n t r y  
a n g l e  w i l l  t e n d  t o  be  r e l a t i v e l y  s h a l l o w  f o r  t h e  h i g h  e n t r y  
v e l o c i t i e s  o f  i n t e r e s t  f o r  Venus. 

STRUCTURAL LOADS 

The peak  d e c e l e r a t i o n s  f o r  a b a l l i s t i c  v e h i c l e  a re  
p r e s e n t e d  i n  F i g u r e  4 f o r  e n t r y  i n t o  t h e  low d e n s i t y  Venus 
model  a tmosphe re .  Except  f o r  t h e  s h a l l o w  e n t r y  a n g l e s ,  t h e  low 
d e n s i t y  model has t h e  h i g h e s t  e f f e c t i v e  s c a l e  h e i g h t  i n  t h e  
s t r a t o s p h e r e  r e s u l t i n g  i n  t h e  h i g h e s t  s t r u c t u r a l  l o a d s  o f  t h e  
t h r e e  model a tmospheres .  The l o a d s  f o r  t h e  s h a l l o w  a n g l e s  a re  
p r e s e n t e d  i n  F i g u r e  5 f o r  e n t r y  a t  49 ,000  f p s .  

I f  l i f t  was i n t r o d u c e d ,  t h e  s t r u c t u r a l  l o a d s  c o u l d  be 
r e d u c e d ,  b u t  a t  t h e  expense  of d e e p e r  p e n e t r a t i o n  and p o t e n t i a l l y  
h i g h e r  h e a t i n g .  A l i f t i n g  v e h i c l e  would a l s o  r e q u i r e  roll 
s t a b i l i z a t i o n  and a more complex v e h i c l e  s t r u c t u r e .  I n  f a c t ,  t h e  
l i f t i n g  s t r u c t u r e  unde r  t h e  low l o a d s  c o u l d  weigh more t h a n  t h e  
b a l l i s t i c  s t r u c t u r e  under  t h e  h i g h e r  l o a d s  due  t o  packag ing  
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e f f i c i e n c y .  Gee s e n s i t i v e  i n s t r u m e n t a t i o n  might  r e q u i r e  low 
l o a d  c o n s i d e r a t i o n s ,  b u t  a t  t h i s  p o i n t  i t  i s  f e l t  t h a t  l i f t i n g  
e n t r y  i s  n o t  n e c e s s a r y  f o r  unmanned s y s t e m s ,  s i n c e  t h e  100  g e e ' s  
or so ,  F i g u r e  5 ,  f o r  s h a l l o w  e n t r y  s h o u l d  n o t  p e n a l i z e  i n s t r u -  
m e n t a t i o n  a p p r e c i a b l y .  

Sha l low e n t r y  c o u l d  p r e s e n t  some o p e r a t i o n a l  c o n s t r a i n t s ,  
as w i l l  b e  d i s c u s s e d  l a t e r ,  b u t ,  i t  d o e s  t i e  i n  w i t h  t h e  des i r e  
t o  r e d u c e  t h e  r a d i a t i o n  hea t ing ,wh ich  i s  o f  c o n s i d e r a b l e  c o n c e r n .  

A E R O D Y N A M I C  H E A T I N G  

The maximum r a d i a t i v e  and c o n v e c t i v e  h e a t i n g  r a t e s  t o  
t h e  s t a g n a t i o n  p o i n t  of  a one f o o t  r a d i u s  s p h e r i c a l  nose  are 

u t i l i z i n g  t h e  low d e n s i t y  a tmosphe r i c  model.  The c o r r e s p o n d i n g  
i n t e g r a t e d  h e a t i n g  l o a d s  are p r e s e n t e d  i n  F i g u r e  7 .  The r a d i a t i o n  
l o a d  was computed from a c o r r e l a t i o n  f o r  C 0 2 - N 2  m i x t u r e s 2  and was 
assumed t o  o r i g i n a t e  i n  a n  o p t i c a l l y  t h i n  a d i a b a t i c  shock l a y e r .  
R e  c e n t  s t u d i e s  3 , 4  have  found t h a t  t h i s  c o r r e l a t i o n  o v e r e s t i m a t e s  
t h e  heat t r a n s f e r  by a f a c t o r  o f  two or t h ree  s i n c e  i t  d o e s  n o t  
a c c o u n t  f o r  t h e  ene rgy  a b s o r p t i o n  w i t h i n  t h e  shock  l a y e r .  The 
a b s o l u t e  magni tude  o f  t h e  r a d i a t i v e  h e a t i n g  i s ,  t h e r e f o r e ,  i n  
q u e s t i o n ,  b u t  t h e  s e n s i t i v i t y  t o  p a r a m e t e r s  i s  s i g n i f i c a n t .  The 
i m p o r t a n t  p o i n t  i s  t h e  e f f e c t  o f  e n t r y  a n g l e  and b a l l i s t i c  parameter 
which i s  i l l u s t r a t e d  by t h e  exponents  on t h e  v a r i a t i o n a l  f u n c t i o n s  
i n  F i g u r e s  6 and 7 .  

. p r e s e n t e d  i n  F i g u r e  6 f o r  an  e n t r y  v e l o c i t y  o f  4 9 , 0 0 0  f p s  

O f  p a r t i c u l a r  concern  unde r  t h e  h i g h  r a d i a t i o n  h e a t i n g  
is t h e  per formance  o f  a b l a t o r  mater ia ls .  S u b s u r f a c e  h e a t i n g  from 
u l t r a v i o l e t  r a d i a t i o n  can  i n c r e a s e  i n t e r n a l  g a s  p r e s s u r e s  r e s u l t i n g  
i n  s u r f a c e  s p a l l a t i o n s .  Combined w i t h  shear  f o r c e s  i n  t h e  boundary 
l a y e r ,  s e v e r e  mechan ica l  f a i l u r e  o f  t h e  mater ia l  can  r e s u l t .  A l so ,  
t h e  e f f e c t i v e  heat p r o t e c t i o n  c a p a b i l i t i e s  o f  a b l a t o r s  unde r  h i g h  
r a d i a t i o n  l o a d  i s  n o t  w e l l  u n d e r s t o o d .  The la rge  b lockage  o f  
c o n v e c t i v e  h e a t i n g  due t o  t r a n s p i r a t i o n  o f  t h e  p r o d u c t s  o f  
a b l a t i o n  i n  t h e  boundary l a y e r  has a n e g l i g a b l e  e f f e c t  on t h e  
r a d i a t i o n  h e a t i n g .  Low e f f e c t i v e  hea ts  o f  a b l a t i o n  are  t h e n  
assumed unde r  r a d i a t i o n  l o a d s ,  r e s u l t i n g  i n  l a rge r  q u a n t i t i e s  of  
a b l a t o r  l o s s  d u r i n g  e n t r y .  

A s  an  a d d i t i o n a l  c o n s i d e r a t i o n ,  t h e  h i g h  shear s t r e s s e s  
on t h e  s u r f a c e  mater ia l  d i c t a t e  h i g h  s t r e s s ,  h i g h  d e n s i t y  a b l a t o r  
mater ia ls .  These mater ia ls  have c h a r a c t e r i s t i c a l l y  h ighe r  thermal  
c o n d u c t i v i t y  and ,  t h e r e f o r e ,  g r e a t e r  i n s u l a t i o n  weight  r e q u i r e m e n t s  
i n  o r d e r  t o  m a i n t a i n  r e a s o n a b l e  bond l i n e  t e m p e r a t u r e s .  
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VEHICLE CONSIDERATIONS 

F i g u r e s  6 and 7 d e a l  w i t h  t h e  s t a g n a t i o n  p o i n t  h e a t i n g .  
The h e a t i n g  p e n a l t i e s  t o  t h e  e n t i r e  e n t r y  v e h i c l e  are more 
complex and depend upon t h e  v e h i c l e  s h a p e .  G e n e r a l l y ,  b l u n t  
s h a p e s  minimize  c o n v e c t i v e  h e a t i n g  and  s l e n d e r  s h a p e s  minimize  
r a d i a t i o n  h e a t i n g .  T h i s  i s  based on t h e  d i m e n s i o n a l  dependence 
of c o n v e c t i v e  and r a d i a t i v e  u n i t  area h e a t i n g .  The c o n v e c t i v e  
dependence  v a r i e s  as 1/a and t h e  r a d i a t i v e  h e a t i n g  as R (R 

c o n c l u d e s  t h a t  t h e r e  i s  a weaker d i m e n s i o n a l  dependence  of  
r a d i a t i o n  due  $0 shock  l a y e r  a b s o r p t i o n ,  and  t h a t  r a d i a t i o n  v a r i e s  
more l i k e  a. 
i s  based on t h e  s t r o n g e r  d i m e n s i o n a l  dependence  -of r a d i a t i o n .  

i s  t h e  v e h i c l e  s p h e r i c a l  nose r a d i u s ) .  However, a r e c e n t  p a p e r  1 0  

I n  t h e  i n t e r e s t  o f  c o n s e r v a t i s m ,  though ,  F i g u r e  8 

With a g i v e n  s e t  of e n t r y  c o n d i t i o n s ,  an  optimum 
v e h i c l e  shape  can  b e  g e n e r a t e d ,  t h e o r e t i c a l l y ,  t o  minimize  t h e  
t o t a l  heat  l o a d  and  h e a t  p r o t e c t i o n  w e i g h t .  T h i s  optimum 
v e h i c l e  i s  d i f f i c u l t  t o  g e n e r a t e ,  however,  due  t o  t h e  c o u p l i n g  
o f  t h e  r a d i a t i o n  and c o n v e c t i v e  mechanisms, a b l a t o r  per formance  
and t h e  u n c e r t a i n t i e s  of t u r b u l e n t  t r a n s i t i o n  i n  a boundary 
l a y e r  c o n t a m i n a t e d  w i t h  p r o d u c t s  o f  a b l a t i o n ,  and d o e s  n o t  l e n d  
i t s e l f  r e a d i l y  t o  p a r a m e t r i c  a n a l y s i s .  These e f f e c t s  a re  c u r r e n t l y  
s u b j e c t s  which are r e c e i v i n g  c o n s i d e r a b l e  a t t e n t i o n  from t h e o r e t i -  
c a l  and e x p e r i m e n t a l  r e s e a r c h e r s .  

Rather  t h a n  u n d e r t a k e  t h e  t a sk  o f  o p t i m i z i n g  e n t r y  v e h i c l e  
s h a p e s  f o r  a v a r i e t y  o f  e n t r y  c o n d i t i o n s ,  a b l u n t e d  cone w i t h  a 
60" h a l f  a n g l e  and s p h e r i c a l  n o s e  r a d i u s  r a t i o  o f  5 o r  s o  w i l l  
be  c o n s i d e r e d  here .  The 60' cone has a l a r g e  h y p e r s o n i c  drag 
c o e f f i c i e n t  and,  t h e r e f o r e ,  a c h a r a c t e r i s t i c a l l y  low b a l l i s t i c  
parameter r e q u i r e d  t o  accommodate t h e  h i g h  Venusian e n t r y  
v e l o c i t i e s .  The 60" b l u n t e d  cone w i l l  b e  c o n s i d e r e d  as a nominal  
c o n f i g u r a t i o n  as l o n g  as t h e  p a y l o a d  can  b e  r e a s o n a b l y  packaged 
w i t h o u t  e x c e e d i n g  some b a s e  diameter ,  s a y  20  f t .  A l t e r n a t i v e l y ,  
a more s l e n d e r ,  h i g h e r  f i n e n e s s  r a t i o  cone c o u l d  be  employed. 
Al though a more s l e n d e r  cone would have t h e  a d d i t i o n a l  f e a t u r e  
o f  r e d u c i n g  t h e  r a d i a t i o n  h e a t i n g  p e n a l t y , . t h e  r a d i a t i o n  l o a d  
c o u l d  be more t h a n  o f f - s e t  by t u r b u l e n t  h e a t i n g .  

I n  o r d e r  t~ keep p m b e  d e s i g n s  8s t e n a b l e  as p o s s i b l e ,  
t h e n , e n t r y  w i l l  n o t  b e  c o n s i d e r e d  f o r  v e r y  s t eep  e n t r y  u n l e s s  
t h e  v e h i c l e  i s  d i m e n s i o n a l l y  s m a l l  and l i g h t  w e i g h t .  

With s h a l l o w  e n t r y  i n  mind,  t y p i c a l  pay load  f r a c t i o n s  
a re  p r e s e n t e d  i n  F i g u r e  8 f o r  t h e  60" cone e n t e r i n g  Venus a t  
4 9 , 0 0 0  f p s  a t  an  e n t r y  a n g l e  o f  -13". The -13" a n g l e  i s  t h e  
s t e e p  s i d e  of  t h e  e n t r y  c o r r i d o r  which w i l l  be d i s c u s s e d  l a t e r .  
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For a g i v e n  d i a m e t e r  i n  F i g u r e  8 ,  t h e  f a l l  o f f  i n  p a y l o a d  
f r a c t i o n  a t  t h e  low b a l l i s t i c  p a r a m e t e r s  r e s u l t s  from l a r g e  
s t r u c t u r a l  and  t h e r m a l  i n s u l a t i o n  w e i g h t s ,  w h i l e  a t  t h e  h i g h  
b a l l i s t i c  parameters t h e  f a l l  o f f  i s  due t o  l a r g e  r a d i a t i o n  
h e a t i n g  l o a d s .  The d i m e n s i o n a l  dependence o f  r a d i a t i o n  shows 
up by r e d u c i n g  t h e  mass f r a c t i o n  a t  t h e  l a rge r  diameter . 

These  p a y l o a d  f r a c t i o n s  can  t h e n  be used  as a g u i d e  
f o r  d e t e r m i n i n g  e n t r y  p r o b e  c a p a b i l i t i e s .  

ENTRY CORRIDOR 

The e n t r y  c o r r i d o r  i s  g e n e r a l l y  d e f i n e d  as t h e  
d i f f e r e n c e  between t h e  h y p o t h e t i c a l  vacuum p e r i a p s i s  a l t i t u d e s  
o f  two e n t r y  t r a j e c t o r i e s  w i t h  s p e c i f i e d  o p e r a t i o n a l  c o n s t r a i n t s .  
The a b s o l u t e  o v e r s h o o t  o f  t h e  e n t r y  c o r r i d o r ,  a l t h o u g h  n o t  
n e c e s s a r i l y  t h e  o p e r a t i o n a l  o v e r s h o o t ,  can  be t h o u g h t  o f  as 
t h e  t r a j e c t o r y  which e n t e r s  a t  a s h a l l o w  a n g l e  b u t  does  n o t  
e x i t  t h e  a tmosphe re  f o l l o w i n g  i n i t i a l  e n t r y .  Fo r  t h e  Venus 
e n t r i e s ,  t h e  f l i g h t  p a t h  a n g l e s  c o r r e s p o n d i n g  t o  t h e  a b s o l u t e  
o v e r s h o o t  are p r e s e n t e d  i n  F i g u r e s  9 and 1 0 .  It i s  e v i d e n t  from 
F i g u r e  11 t h a t  e n t r y  n e a r  t h e  a b s o l u t e  o v e r s h o o t  p roduces  l a r g e  
r a n g e  d i s p e r s i o n s  o v e r  t h e  p l a n e t  s u r f a c e .  S i n c e  p r e s e n t l y  
t h e r e  a re  no s u r f a c e  f e a t u r e s  on Venus which r e q u i r e  a c c u r a t e  
t a r g e t i n g ,  r a n g e  d i s p e r s i o n s  s h o u l d  n o t  r e p r e s e n t  an  a p p r e c i a b l e  
c o n s t r a i n t .  E n t r y  a n g l e s  o f  -11' t o  -12' w i l l  t h e n  be c o n s i d e r e d  
t o l e r a b l e  f o r  o p e r a t i o n a l  o v e r s h o o t  l i m i t s .  

S i n c e  t h e  p r i m a r y  m o t i v a t i o n  for m a i n t a i n i n g  t h e  a n g l e s  
s h a l l o w  i s  t h e  h i g h  h e a t i n g  l o a d s  a t  s t e e p  a n g l e s ,  t h e  s t e e p  
s i d e  o f  t h e  c o r r i d o r  w i l l  b e  de t e rmined  b y  t h e  c a p a b i l i t y  o f  
t h e  approach  g u i d a n c e  s y s t e m .  F o r  g u i d a n c e  c o r r i d o r  c a p a b i l i t y  
on t h e  o r d e r  o f  1 0  n a u t i c a l  m i l e s ,  t h e  u n d e r s h o o t  can  b e  m a i n t a i n e d  
a t  a b o u t  -13'. With a -12' o v e r s h o o t ,  t h e  r e s u l t i n g  1' c o r r i d o r  
has a 4 O  t o  5' p l a n e t a r y  c e n t r a l  a n g l e  d i s p e r s i o n  o v e r  t h e  es t imated 
r a n g e  of  a t m o s p h e r i c  u n c e r t a i n t y  ( F i g u r e  11). 

Although t h e  c o r r i d o r  c o n s t r a i n t s  a r e  somewhat h e u r i s t i c ,  
l i t t l e  would b e  g a i n e d  o p e r a t i o n a l l y  by open ing  up t h e  s t e e p  
s i d e  of t h e  c o r r i d o r  o n l y  a few d e g r e e s .  T h i s  w i l l  be i l l u s t r a t e d  
l a t e r  unde r  o p e r a t i o n a l  c o n s i d e r a t i o n s .  

ATMOSPHERIC OPERATIONS 

A s  d i s c u s s e d  p r e v i o u s l y ,  t h e  h i g h  d e n s i t y  s t r u c t u r e  of  
t h e  Venus ian  a tmosphe re  o f f e r s  a c e r t a i n  amount o f  compensa t ion  
for t h e  h i g h  e n t r y  v e l o c i t i e s  and h i g h  a t m o s p h e r i c  t e m p e r a t u r e s .  
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The t e m p e r a t u r e  p r o f i l e s  f o r  t h e  t h r e e  model a t m o s p h e r e s '  a re  
p r e s e n t e d  i n  F i g u r e  1 2 .  It  i s  a p p a r e n t  t h a t  t h e  thermal  e n v i r o n -  
ment t h r o u g h o u t  t h e  lower  l e v e l s  of  t h e  a tmosphe re  w i l l  b e  a 
f u n d a m e n t a l  d e s i g n  c o n s t r a i n t  f o r  any o p e r a t i o n a l  sys t em.  There 
i s  a n  i n t e r m e d i a t e  r e g i o n  o f f e r i n g  " t empera t e"  c o n d i t i o n s ,  however,  
which i s  o f  g rea t  e x p l o r a t o r y  i n t e r e s t  occupy ing  a n  a l t i t u d e  
band f rom 1 2 5 , 0 0 0  f t .  t o  215,000 f t .  and r a n g i n g  i n  t e m p e r a t u r e  
from OOF t o  100OF. T h i s  r e g i o n ,  shaded i n  F i g u r e  1 2  c o u l d  o f f e r  
a h o s p i t a b l e  envi ronment  f o r  c o n d u c t i n g  a t m o s p h e r i c  e x p e r i m e n t s  
and s e a r c h i n g  f o r  l i f e  fo rms .  

The t e m p e r a t e  r e g i o n  l i e s  below t h e  es t imated t o p s  o f  
t h e  d e n s e  Venus ian  c l o u d s ,  and h e n c e , c o n s i d e r a b l e  u n c e r t a i n t y  
e x i s t s  as t o  i t s  s t r u c t u r e .  No c r e d i b i l i t y  i s  i m p l i e d  he re ,  
b u t  one must work w i t h  what a p p e a r s  t o  b e  t h e  b e s t  a v a i l a b l e  da t a .  

T h e r e f o r e ,  w i t h  t h e  p r e s e n t  models' i t  i s  o f  i n t e r e s t  t o  p u r s u e  t h e  
t e m p e r a t e  r e g i o n  f u r t h e r .  

The e q u i v a l e n t  e a r t h  d e n s i t y  a l t i t u d e s  i n  t h i s  r e g i o n  
are  on t h e  o r d e r  of  4 0 , 0 0 0  f t .  or l ower .  With these  r e l a t i v e l y  
h i g h  d e n s i t i e s ,  f l o t a t i o n  d e v i c e s  c o u l d  b e  c o n s i d e r e d  as r eason-  
a b l e  e x p l o r a t i o n  p l a t f o r m s .  U n f o r t u n a t e l y ,  a c o n s t a n t  buoyancy 
d e v i c e  c o u l d  n o t  g u a r a n t e e  f l o t a t i o n  w i t h i n  t h i s  " t e m p e r a t e "  
r e g i o n  w i t h  t h e  l a r g e  d e n s i t y  u n c e r t a i n t i e s  t h a t  p r e s e n t l y  
e x i s t .  Fo r  example,  t h e  darkened  c i r c l e s  on F i g u r e  1 2  r e p r e s e n t  
t h e  o p e r a t i o n a l  c o n d i t i o n s  f o r  a c o n s t a n t  buoyancy d e v i c e  con- 
s t r a i n e d  n o t  t o  v i o l a t e  an upper  t e m p e r a t u r e  l i m i t  o f  100OF. 
T h e  da rkened  t r i a n g l e s  a r e  c o n s t r a i n e d  t o  an u p p e r  t e m p e r a t u r e  
l i m i t  of 200OF. I n  b o t h  c a s e s ,  t h e  mean model a tmosphere  i s  
w i t h i n  t h e  t e m p e r a t e  r e g i o n .  However, when a t m o s p h e r i c  e x t r e m e s  
are  c o n s i d e r e d ,  t h e  l a t t e r  c a s e  has a p o s s i b l e  t e m p e r a t u r e  r a n g e  
of  -80°F t o  t200°F,  and t h e  former  -12O0F t o  100'F. The -800~ 
t o  +200°F r a n g e  i s  more compa t ib l e  w i t h  ny lon  b a l l o o n  mater ia l  
pe r fo rmance  ,6  b u t  t h e  h i g h e r  t e m p e r a t u r e s  c o u l d  b e  q u i t e  p e n a l i z i n g  
t o  e x p e r i m e n t s  and e l e c t r o n i c  s y s t e m s .  

It a p p e a r s  r e a s o n a b l e  t o  e x p e c t  t h a t  t h e  p r e s e n t  
u n c e r t a i n t i e s  i n  t h e  Venusian a tmosphere  s h o u l d  b e  r e d u c e d  
f o l l o w i n g  t h e  1967 M a r i n e r .  It i s  n o t  c l e a r ,  however,  t h a t  t h e  
d e n s i t y  and t e m p e r a t u r e  u n c e r t a i n t y  w i l l  be r e d u c e d  s u f f i c i e n t l y  
t o  accommodate a c o n s t a n t  buoyancy d e v i c e .  A t  l e a s t  some t y p e  of  
a l t i t u d e  c y c l i n g  f l o a t e r ,  or v a r i a b l e  buoyancy d e v i c e ,  would be 
d e s i r a b l e  f o r  p r o v i d i n g  wide a l t i t u d e  cove rage  and s u f f i c i e n t  
f l e x i b i l i t y  t o  compensate  f o r  a t m o s p h e r i c  u n c e r t a i n t i e s  and t o  
p r o v i d e  f o r  d e e p e r  sound ings  i f  a more h o s p i t a b l e  envi ronment  i s  
d i s c o v e r e d  on s i t e .  
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TERMINAL VELOCITY 

I n  F i g u r e  13 ,  t h e  " t e r m i n a l "  v e l o c i t y  i s  p r e s e n t e d  
2 f o r  a b a l l i s t i c  p a r a m e t e r  o f  1 s l u g / f t  . The " t e r m i n a l "  

v e l o c i t y  i s  t h e  q u a s i  s t e a d y  s t a t e  s i n k  r a t e  a t  a g i v e n  a l t i t u d e  
u n d e r  t h e  i n f l u e n c e  of  t h e  Venusian g r a v i t y ,  and v a r i e s  as 
t h e  i n v e r s e  s q u a r e  r o o t  of t h e  b a l l i s t i c  parameter ( m / C D A ) .  The 
a l t i t u d e s  and times t o  a c h i e v e  t e r m i n a l  v e l o c i t y  are p r e s e n t e d  
i n  F i g u r e  1 4  for t h e  49,000 f p s  e n t r y  v e l o c i t y ,  and  show t h a t  
t h e  q u a s i  s t e a d y  s t a t e  s i n k  rates o c c u r  a t  q u i t e  h i g h  a l t i t u d e s .  
Fo l lowing  t e r m i n a l  v e l o c i t y ,  t h e  c o r r e s p o n d i n g  times t o  descend  
between a l t i t u d e s  a t  t h e s e  s i n k  ra tes  a re  p r e s e n t e d  i n  F i g u r e  1 5 .  
It  i s  a p p a r e n t  t h a t  t h e r e  can b e  as much as one  hour  u n c e r t a i n t y  
i n  t h e  t i m e  t o  d e s c e n t  t o  t h e  p l a n e t a r y  s u r f a c e  f o r  a v e h i c l e  
w i t h  a b a l l i s t i c  parameter of 1 s l u g / f t 2 ,  and c o n s i d e r a b l y  more 
u n c e r t a i n t y  f o r  a v e r y  low b a l l i s t i c  parameter p a r a c h u t e  d e s c e n t .  

conven ience  s i n c e  most of t h e  p a r a m e t e r s  s c a l e  a p p r o p r i a t e l y .  
The b a l l i s t i c  p a r a m e t e r  o f  a n  e n t r y  v e h i c l e ,  t hough ,  w i l l  n o t  
be  t h e  same a t  h y p e r s o n i c  and s u b s o n i c  speeds.  I n  a d d i t i o n ,  
some form o f  t r a n s o n i c  s t a b i l i t y  augmen ta t ion  w i l l  p r o b a b l y  
be r e q u i r e d  for any b l u n t  based  cone.  A drag c h u t e  i s  q u i t e  
e f f e c t i v e  i n  t h i s  r e s p e c t ,  and w i l l  a l s o  change t h e  b a l l i s t i c  
p a r a m e t e r  . 

A b a l l i s t i c  pa rame te r  of  1 s l u g / f t 2  i s  used  here  f o r  

R E A C H I N G  THE TEMPERATE R E G I O N  

With t h e  p r e s e n t  a tmosphe r i c  models i n  mind, i t  i s  
o f  i n t e r e s t  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  d e l i v e r i n g  a 
f l o t a t i o n  d e v i c e  t o  t h e  t e m p e r a t e  r e g i o n .  An unmanned p robe  
(m/CDA= 1 s l u g / f t  ) e n t e r i n g  t h e  Venus ian  a tmosphere  d u r i n g  
t h e  1978 d u a l - p l a n e t  f l y b y  (V = 4 9 , 0 0 0  f p s )  a t  t h e  unde r shoo t  
of t h e  e n t r y  c o r r i d o r  ( y  = -13') would a c h i e v e  " t e r m i n a l "  
c o n d i t i o n s  a t  an  a l t i t u d e  no lower  t h a n  130 ,000 f t . ,  a p p r o x i m a t e l y  
1 7 0  seconds  a f t e r  e n t r y .  T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  1 4  
based on t h e  low d e n s i t y  ( w o r s t  c a s e )  model.  

2 

When t e r m i n a l  c o n d i t i o n s  a re  a c h i e v e d ,  i . e . ,  when 
a p p r o x i m a t e l y  1 g, i s  s e n s e d  on-board,  a f l o t a t i o n  d e v i c e  
would be  dep loyed  and t h e  i n f l a t i o n  p r o c e s s  begun. S i n c e  t h e  

dynamic p r e s s u r e  co r re spond ing  t o  an  m / C D A  = 1 s l u g / f t 2  unde r  
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t e r m i n a l  c o n d i t i o n s  i s  on t h e  o r d e r  o f  30 p s f ,  u t i l i z i n g  n y l o n  
f o r  t h e  b a l l o o n  mater ia l  would e l i m i n a t e  t h e  need  f o r  a l a r g e  
r e t a r d a t i o n  p a r a c h u t e .  Only a small s u p e r s o n i c  d e v i c e  wDuld 
t h e n  be needed  f o r  t r a n s o n i c  s t a b i l i t y .  V a r i o u s  n y l o n  d e v i c e s  
have been  s u c c e s s f u l l y  deployed  unde r  p r o l o n g e d  dynamic p r e s s u r e s  
e x c e e d i n g  30 p s f .  Hot gas bag b a l l o o n s  and v a r i o u s  p a r a g l i d e r  
c o n f i g u r a t i o n s  are examples .  

With a small s u p e r s o n i c  p a r a c h u t e ,  dep loyed  t o  m a i n t a i n  
t r a n s o n i c  s t a b i l i t y  and p r o v i d i n g  a t o t a l  sys t em s u b s o n i c  
m/CDA = 1 s l u g / f t 2 ,  i t  would t a k e  a p p r o x i m a t e l y  4 m i n u t e s  (minimum) 
t o  descend  from 1 3 0 , 0 0 0  f e e t  t o  80 ,000  f e e t  a l t i t u d e .  ( 8 0 , 0 0 0  
f e e t  i n  t h e  low d e n s i t y  model c o r r e s p o n d s  t o  a t e m p e r a t u r e  o f  
35OoF which i s  an  i n t e r m i t t e n t  o p e r a t i o n a l  l i m i t  f o r  n y l o n  
ma te r i a l6 . )  
t i m e  c o u l d  b e  used  t o  d e p l o y  and i n f l a t e  a b a l l o o n  for f l o t a t i o n .  
F o l l o w i n g  t h e  i n f l a t i o n  p e r i o d ,  t h e  b a l l o o n  sys t em would 
a s c e n d  t o  t h e  t e m p e r a t e  r e g i o n  f o r  o p e r a t i o n s .  

Dur ing  t h e  d e s c e n t ,  data c o u l d  be  gathered and t h e  

S i n c e  d e s c e n t  t i m e  would a c t u a l l y  b e  i n c r e a s e d  w i t h  
t h e  d r a g  area of t h e  i n f l a t i n g  b a l l o o n  t h e  v e h i c l e  would 
n e v e r  r e a c h  s u c h  a low a l t i t u d e .  A l so ,  as a n  a l t e r n a t e  
p r o d e c u r e  f o r  l a r g e  s low f i l l i n g  b a l l o o n s ,  a l a r g e  s u b s o n i c  
p a r a c h u t e  c o u l d  b e  employed t o  i n c r e a s e  t h e  d e s c e n t  t i m e  by as 
much as a f a c t o r  o f  1 0 .  

It i s  q u i t e  r e a s o n a b l e ,  t h e n ,  t o  c o n s i d e r  " t a r g e t i n g "  
for t h i s  t e m p e r a t e  band.  

OPERATIONAL CONSIDERATIONS 

The r e q u i r e m e n t  f o r  s h a l l o w  e n t r y  does  p r e s e n t  
o p e r a t i o n a l  c o n s t r a i n t s .  An e n t r y  p robe  e n t e r i n g  a t  s h a l l o w  
a n g l e s  may be o u t  o f  view o f  t h e  f l y b y  s p a c e c r a f t  due t o  t h e  
c u r v a t u r e  o f  t h e  approach  t r a j e c t o r y  and t h e  l a r g e  c e n t r a l  a n g l e  
between t h e  e n t r y  p o i n t  and t h e  approach  a sympto te .  To i l l u s t r a t e  
t h i s ,  data  f o r  t h e  1 9 7 5  s i n g l e - p l a n e t  t w i l i g h t  f l y b y  geometry i s  
a v a i l a b l e  and i s  used  as an  example. '  
t h e  1 9 7 5  s i n g l e - p l a n e t  f l y b y  i s  c o n s i d e r a l l y  less  t h a n  some of  
t he  m u l t i - p l a n e t  f l y b y  m i s s i o n s ,  b u t  t h e  geometry  does r evea l  
some of  t h e  o p e r a t i o n a l  c o n s i d e r a t i o n s .  

The e n e r g y  a s s o c i a t e d  w i t h  

T h e r e  i s  a s i n g u l a r  r e l a t i o n s h i p  between t h e  e n t r y  
a n g l e  imposed on an e n t r y  probe  and t h e  p o s i t i o n  o f  t h e  e n t r y  
p o i n t  measured on t h e  p l a n e t  s u r f a c e  from t h e  s p a c e c r a f t  
p e r i a p s i s .  T h i s  r e l a t i o n s h i p  i s  p r e s e n t e d  i n  F i g u r e  1 6  f o r  t h e  
1975  s i n g l e - p l a n e t  t w i l i g h t  f l y b y .  With a minimum d i f f e r e n t i a l  
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anomaly o f  90° r e q u i r e d  f o r  v i s i b i l i t y  between t h e  p r o b e  a t  
e n t r y  and  t h e  s p a c e c r a f t  on t h e  approach  a s y m p t o t e ,  t h e  e n t r y  
p o i n t  must be  l o c a t e d  a t  an anomaly o f  4 5 O  o r  g r e a t e r .  T h i s  
would i n c r e a s e  t o  50' i f  5' minimum l o o k  a n g l e  was imposed.  
With t h e  e n t r y  p o i n t  a t  an anomaly o f  4 5 O ,  t h e n ,  t h e  p robe  would 
e n t e r  a t  a n  e n t r y  a n g l e  o f  -32' which e x c e e d s  t h e  p r e v i o u s l y  
d i s c u s s e d  c o r r i d o r  c o n s t r a i n t  by 20° and would r e s u l t  i n  
s e v e r e  h e a t i n g  p e n a l t i e s .  

Some a d j u s t m e n t  can be made t o  t h e  e n t r y  a n g l e  and 
anomaly r e l a t i o n s h i p  on F i g u r e  1 6 ,  b u t  i t  becomes q u i t e  c o s t l y  
i n  terms o f  p r o p u l s i o n .  The approx ima te  parameter s e n s i t i v i t i e s  
i n d i c a t e d  on F i g u r e  1 6  r e s u l t  i n  a b o u t  a 300 f t .  p e r  s econd  AV 
p e r  degree e n t r y  a n g l e  t o  r educe  t h e  e n t r y  a n g l e  a t  a c o n s t a n t  
anomaly a n g l e .  I n  a d d i t i o n ,  t h i s  AV p r a c t i c a l l y  a l l  g o e s  i n t o  
i n c r e a s i n g  t h e  t r a j e c t o r y  energy  and ,  t h e r e f o r e ,  e n t r y  v e l o c i t y .  
Thus,  i t  i s  t o o  i m p r a c t i c a l  t o  r e d u c e  t h e  e n t r y  a n g l e  p r o p u l s i v e l y  
i n  o r d e r  t o  m a i n t a i n  a c o n s t a n t  anomaly f o r  e n t r y  p o i n t  
v i s i b i l i t y  t o  t h e  s p a c e c r a f t  on t h e  approach  a sympto te ,  i . e . ,  
a l o n g  time b e f o r e  p e r i a p s i s  p a s s a g e .  

T h i s  e n t r y  angle/anomaly a n g l e  r e l a t i o n s h i p  s h o u l d  a l s o  
be k e p t  i n  mind i n  t h e  c a s e  o f  r e d u c i n g  t h e  t r a j e c t o r y  ene rgy  
i n  o r d e r  t o  p r o v i d e  f o r  a lower e n t r y  v e l o c i t y .  When t h e  e n t r y  
v e l o c i t y  i s  r e d u c e d ,  t h e  e n t r y  a n g l e  w i l l  s t e e p e n  a t  a g i v e n  
anomaly. E n t r y  a n g l e  s t e e p e n i n g  i s  r e d u c e d ,  t nough ,  i f  t h e  
impu l se  i s  a p p l i e d  n e a r  e n t r y .  I n  any e v e n t ,  t h e  p r o p u l s i v e  
AV would have t o  be g r e a t e r  t h a n  o r  e q u a l  t o  t h e  r e q u i r e d  e n t r y  
v e l o c i t y  r e d u c t  i o n .  

The i m p l i c a t i o n s  a r e ,  t h e r e f o r e ,  t h a t  t h e  e n t r y  p o i n t  
f o r  l a r g e  e n t r y  p r o b e s  (small ,  low b a l l i s t i c  parameter a t m o s p h e r i c  
p r o b e s  e x c l u d e d )  w i l l  n o t  be v i s i b l e  t o  t h e  s p a c e c r a f t  f o r  a v e r y  
l o n g  t i m e  b e f o r e  t h e  s p a c e c r a f t  p a s s e s  p e r i a p s i s .  An i d e a  as 
t o  j u s t  how l o n g  can  b e  o b t a i n e d  from t h e  t imes  b e f o r e  p e r i a p s i s  
p a s s a g e  f o r  d i f f e r e n t  s p a c e c r a f t  anomaly l o c a t i o n s  p r e s e n t e d  i n  
F i g u r e  1 4 .  Thus,  f o r  a -12' e n t r y  a n g l e ,  t h e  s p a c e c r a f t  would 
n o t  a c q u i r e  l i n e  of s i g h t  t o  t h e  p robe  ( p o s t  e n t r y )  u n t i l  abou t  
105' or 1 . 5  h o u r s  b e f o r e  p e r i a p s i s ,  assuming t h e  p robe  e n t r y  
p o i n t  i s  i n  t h e  p l a n e  o f  t h e  s p a c e c r a f t  f l y b y .  Uut o f  p l a n e  
e n t r y  p o i n t s  w i l l  b e  even  more r e s t r i c t i o n .  F o r  d i r e c t  communica- 
t i o n  between p robe  and s p a c e c r a f t , a  t y p i c a l  p r o b e  would r e q u i r e  
on t h e  o r d e r  of an  hour  lead on t h e  s p a c e c r a f t .  

The c o n c l u s i o n s  t o  be drawn a r e  t h a t  t h e  s p a c e c r a f t  w i l l  
b e  ab l e  t o  communicate t o  t h e  p r o b e s  and r e c e i v e  d a t a  t r a n s m i s s i o n s  
f o r  r e l a t i v e l y  s h o r t  p e r i o d s  d u r i n g  t h e  p l a n e t a r y  e n c o u n t e r .  It  
a p p e a r s ,  t h e n ,  t h a t  f o r  l o n g e r  data t r a n s m i s s i o n  p e r i o d s ,  an  
o r b i t i n g  v e h i c l e  w i l l  have t o  b e  t i e d  i n t o  t h e  da ta  l i n k .  The 
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a c t u a l  p e n a l t i e s  w i l l  r e q u i r e  more d e t a i l e d  a n a l y s i s  w i t h  a c t u a l  
p a y l o a d s  and e n t r y  p r o b e  b a l l i s t i c  p a r a m e t e r s  i n  mind.  

AREAS OF INTEREST 

A s  a n  a d d i t i o n a l  c o n s i d e r a t i o n ,  c e r t a i n  areas on Venus 
c o u l d  r e q u i r e  some degree o f  t a r g e t i n g  i n  o r d e r  t o  i n v e s t i g a t e  
l o c a l i z e d  c o n d i t i o n s .  S e v e r a l  o f  these  areas e x i s t  due t o  t h e  
s low r o t a t i o n a l  r a t e  o f  t h e  p l a n e t .  

S i n c e  Venus r o t a t e s  v e r y  s l o w l y  on i t s  a x i s ,  one s ide  
o f  t h e  p l a n e t  f a c e s  t h e  sun  for l o n g  p e r i o d s  w h i l e  t h e  o t h e r  
s i d e  i s  o c c u l t e d .  The s o l a r  ene rgy  a b s o r b e d  i n  t h e  a tmosphere  
on t h e  sunny s i d e  w i l l  t h e n  b e  t h e  working ene rgy  f o r  t h e  
a t m o s p h e r i c  c i r c u l a t i o n  p a t t e r n s .  It i s  p o s t u l a t e d  t h a t  t h i s  
c i r c u l a t i o n  can  be  d e s c r i b e d  as a s o u r c e - s i n k  f low d i v e r g i n g  
from t h e  s u b - s o l a r  p o i n t  and f lowing  c i r c u m f e r e n t i a l l y  to t h e  

a n t i - s o l a r  p o i n t .  I n  a d d i t i o n ,  p r o l o n g e d  h e a t i n g  o f  t h e  
s u b - s o l a r  r e g i o n  c o u l d  r e s u l t  i n  l o c a l i z e d  a t m o s p h e r i c  and 
s u r f a c e  phenomena. On t h e  o t h e r  hand ,  t h e  Venusian p o l e s  r e c e i v e  
s u n l i g h t  a t  ve ry  skewed a n g l e s  and c o u l d  a c t u a l l y  h a r b o r  s u r f a c e  
t e m p e r a t u r e  c o n s i d e r a b l y  lower  t h a n  i n d i c a t e d  i n  F i g u r e  1 2 .  
With t hese  c o n s i d e r a t i o n s  i n  mind, t h e n ,  t h e  f o u r  p o i n t s ,  i . e . ,  
s u b - s o l a r ,  a n t i - s o l a r ,  Nor th  P o l e ,  and Sou th  P o l e  c o u l d  r e p r e s e n t  
areas o f  s c i e n t i f i c  and e x p l o r a t o r y  i n t e r e s t .  

Three  f l y b y  m i s s i o n s  were i n v e s t i g a t e d  t o  d e t e r m i n e  
t h e  r e l a t i v e  p o s i t i o n s  of  t h e s e  f 'our p o i n t s  t o  t h e  f l y b y  

geomet ry .8  The r e s u l t s  a r e  p r e s e n t e d  i n  Table  1. The anomaly 
a n g l e  i s  measured from t h e  f l y b y  p e r i a p s i s  t o  t h e  approach  
a s y m p t o t e ,  a l t h o u g h  i n  g e n e r a l ,  n o t  i n  t h e  p l a n e  o f  t h e  f l y b y .  
The e n t r y  a n g l e  i s  t h e  approximate  a n g l e  a p robe  would e n t e r  
a t  t o  r e a c h  t h e  s p e c i f i c  p o i n t .  The v i s i b i l i t y  a n g l e  i s  measured  
above t h e  l o c a l  h o r i z o n t a l  a t  t h e  p o i n t  o f  i n t e r e s t  t o  t h e  
approach  or d e p a r t u r e  a s y m p t o t e  o f  t h e  f l y b y  s p a c e c r a f t .  

Some c o n c u l s i o n s  can be  drawn f o r  t h e  two m u l t i -  
p l a n e t  m i s s i o n s .  For t h e  1 9 7 7  m i s s i o n ,  t h e  s u b - s o l a r  p o i n t  
can  b e  i n v e s t i g a t e d  w i t h  a l a r g e  p robe  on t h e  f i r s t  e n c o u n t e r  
w h i l e  t h e  a n t i - s o l a r  and North P o l e  would have  t o  wait u n t i l  
t h e  second  e n c o u n t e r .  Poor  v i s i b i l i t y  o f  t h e  s u b - s o l a r  and 
a n t i - s o l a r  p o i n t s  would p e r m i t  s h o r t  t r a n s m i s s i o n  t imes ,  w h i l e  
t h e  Nor th  P o l e  has e x c e l l e n t  v i s i b i l i t y  d u r i n g  d e p a r t u r e .  

I n  1 9 7 8 ,  t h e  a n t i - s o l a r  and Nor th  P o l e  are again 
a c c e s s i b l e  w i t h  a l a r g e  p robe ,  b u t  t h e  a n t i - s o l a r  p o i n t  w i l l  
r e q u i r e  a v e r y  s h a l l o w  e n t r y .  
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The Sou th  P o l e  h a s  p o o r  a c c e s s i b i l i t y  t h r o u g h o u t  t h e  
y e a r s ,  a l t h o u g h  v e r y  s h a l l o w  e n t r y  i n  t h e  1 9 7 7  f i r s t  e n c o u n t e r  
and  1978 m i s s i o n s  c o u l d  p u t  a p r o b e  i n  i t s  p r o x i m i t y .  

For t h e  1975 s i n g l e - p l a n e t  f l y b y ,  t h e  r e l a t i v e l y  low 
e n t r y  v e l o c i t y  ( 3 6 , 0 0 0  f p s )  would p e r m i t  t h e  i n v e s t i g a t i o n  of 
a l l  t h e  p o i n t s  o f  i n t e r e s t ,  a l t h o u g h  o n l y  t h e  a n t i - s o l a r  p o i n t  
on d e p a r t u r e  would b e  v i s i b l e .  

CONCLUSIONS 

An a t t e m p t  has been made t o  p o i n t  o u t  some o f  t h e  
c o n s i d e r a t i o n s  f o r  unmanned e n t r y  i n t o  t h e  Venus ian  a tmosphe re  
d u r i n g  a number o f  t h e  manned f l y b y  m i s s i o n s  i n  t h e  l a t e  1970's. 
While  t h e  h i g h  d e n s i t y  s t r u c t u r e  o f  t h e  Venus ian  a tmosphere  a lmos t  
c e r t a i n l y  g u a r a n t e e s  s u c c e s s f u l  e n t r y  i n  terms o f  ene rgy  d i s s i p a t i o n ,  
t h e  h i g h  e n t r y  v e l o c i t i e s  p e n a l i z e  e n t r y  v e h i c l e  d e s i g n s  and 
d i c t a t e  s h a l l o w  e n t r y  c o r r i d o r s  r e s u l t i n g  i n  r e s t r i c t i v e  o p e r a t i o n a l  
c a p a b i l i t y .  The o p e r a t i o n a l  r e s t r i c t i o n s  l i m i t  p o i n t  t a r g e t i n g  
and  d i r e c t  data t r a n s m i s s i o n  from p r o b e s  t o  t h e  f l y b y  s p a c e c r a f t .  
For l a r g e  p r o b e s ,  t h e  data t r a n s m i s s i o n  t imes would be l i m i t e d  
t o  on t h e  o r d e r  o f  1 . 5  t o  2 hour s  d u r i n g  t h e  busy p l a n e t a r y  en- 
c o u n t e r  p e r i o d .  

Smal l  i n c r e a s e s  i n  t h e  e n t r y  a n g l e  c o u l d  be  t o l e r a t e d  
i n  terms o f  t h e  e n t r y  h e a t i n g , e n v i r o n m e n t ,  b u t  i n  most c a s e s  
would have n e g l i g a b l e  e f f e c t  on t h e  o p e r a t i o n a l  c o n s t r a i n t s .  

The h i g h  d e n s i t y  s t r u c t u r e  o f  t h e  Venus ian  a tmosphere  
r e s u l t s  i n  low r a t e s  o f  s i n k  a t  h i g h  a l t i t u d e s .  T h i s  p roduces  
l a rge  d i s p e r s i o n s  i n  t i m e  t o  f a l l  due t o  u n c e r t a i n t i e s  i n  t h e  
a t m o s p h e r i c  d e n s i t y ,  b u t  p e r m i t s  h i g h  a l t i t u d e  deployment of  
p a y l o a d s .  

I t  i s  q u i t e  r e a s o n a b l e  t o  t a r g e t  f o r  t h e  t e m p e r a t e  
r e g i o n  where t e m p e r a t u r e s  a r e  on t h e  o r d e r  o f  O O F  t o  100'F. 
Due t o  t h e  p r e s e n t  u n c e r t a i n t i e s  i n  t h e  a tmosphe re ,  t hough ,  
a c o n s t a n t  d e n s i t y  f l o t a t i o n  d e v i c e  can  n o t  b e  u s e d .  
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